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lions in determining the fate of the 
transplant, particularly in the case of 
organ transplants in which the immune 
system of the recipient reacts with 
donor blood vessels (Fig. \b). First, cy- 
tokines contiibuic to the differentiation 
of helper T cells nod B cells in lymphoid 
organs. Effector cells such as Thl cells 
or cytotoxic T cells develop first, fol- 
lowed by immunoregulaiory cells lhat 
control or constrain immune responses. 
Second, cytokines and other inflamma- 
tory mediators act on blood vessels and 
parenchymal cells of the transplanted 
tissue, initially inducing acute injury. 
I atcr, cytokines may induce a compen- 
satory response In the graft, leading to 
resistance to tissue injury. This effect is 
known as accommodation". 

Elucidation of the function of IFN-y 
may be particularly instructive in deter- 
mining mechanisms of graft rejection 
and resistance to injury. In the acute 
setting (a period of a few days), II : N*y 
acts on antigen-presenting cells in lym- 
phoid organs to promote the acute cel- 
lular immune responses thai cause 
cellular rejection. IFN*v released by ef- 
fector cells in the transplanted tissue 
may enhance the susceptibility of blood 
vessels to injury by cytolytic T cells, 
complement and other inflammatory 
mediators. If the transplanted tissue is 
able to survive this stage of che immune 
response, then over a longer period of 
time IFN-y may contribute to the gener- 
ation of immunoregulaiory T cells that 
constrain or inhibit cellular Immunity. 
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Consistent with this, Konieciny ci al. 
found that IFN*7 promotes the long- 
term survival of allografts In recipients 
in which acute destruction of the trans- 
plant is prevented 7 . IFN-y may also in- 
duce a compensatory response by the 
vasculature of the graft that helps the 
graft resist injury, as toxic substances 
can eventually induce resistance to 
toxic Injury 11 . 

The ability of IFN-y to induce nitric 
oxide synthetase may be of particular 
importance in determining graft sur- 
vival Of reject ion*. Nitric o.\ide, pro- 
duced by nitric oxide synthetase, might 
cause acute oxidanr-medialed injury 
but over time Induce radical scavengers 
and heme oxygenase thai confer resis- 
tance oxidant Injury. Nitric oxide may 
also protect the graft by preventing the 
constriction of blood vessels, an event 
we believe is seminal in the pathogene- 
sis of AVR- Xenotransplants may he es- 
pecially susceptible to AVU because the 
interaction of IFN-y with i tJS receptor ex- 
hibits some degree of species specificity. 
Tn such cases, IFN-y produced by recipi- 
ent cells is not recogni7ed by blood ves- 
sels of the graft, and resistance to injury 
might not ensue. 

The findings of Wang el oh have im- 
plications beyond xenotransplantation. 
If two strains of mice have such pro- 
found differences in susceptibility to 
AVU, humans might have similar differ- 
ences. Polymorphisms of the IFN-y re- 
ceptor have already been linked to 
susceptibility to infection and other dis- 
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cases. There Is also every likelihood that 
manifestations of immune or inflamma- 
tory responses may in some cases reflect 
less the peculiar mix of cytokines se- 
creted by recipient leukocytes in areas ol 
inflammation and injury than the way 
in which cells of the graft are poised to 
respond to those cytokines. The effect of 
cytokines may be determined by the 
properties of the responding cells. 
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Caspase 8: The killer you can't live without 

The proto-oncogene MYCN, a regulator of cell proliferation and cell death, is amplified in aggressive 
neuroblastomas, whereas expression of Ihc apoptotic effector caspase 8 is suppressed. Understanding why this ner- 
vous system tumor should choose to up or down regulate these particular apoptotic factors may provide important 
Information about oncogenesis and indicate new strategies for the treatment of neuroblastoma (pages 529-535). 



THt coupling or cell proliferation and 
cell suicide is thought to be an Lmpor* 
tant cellular mechanism for tlio preven- 
tion of oncogenesis 1 , and it is believed 
thai growth-deregulating mutations can 
lead to neoplasia only when apoptosis 
has been suppressed. It Is therefore of 
great clinical importance to detennine 
how apopiosis becomes suppressed in 
cancer, as repair of a cancer cell's defec* 
tlve apoptotic machinery offers the 
promise of effective and specific ontl-can- 
cer therapy. In this issue of Nature 
Medicine, Tein el have investigated 
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mechanisms of apoptotic gene inacliva- 
tion in ncu roblasiomas, tumors of the pe- 
ripheral sympathetic nervous system lhat 
moit commonly occur in children 1 . 

Teiu ct al. report that a large propor- 
tion of aggressive neuroblastoma cells, 
which are particularly resistant to In- 
duction of apoptosis, suppress ex- 
pression of caspase 8, an important 
component of the apoptotic machin- 



ery*. Caspases arc a family of cysteine 
asparlyl proteases lhat are activated in 
proteolytic cascades during cell death'. 
The process of cell dissolution we coll 
apoptosis is implemented by the abun- 
dant effector caspases, such as caspase 3, 
which act as intracellular 'chain saws' to 
cleave essential Intracellular substrates. 
These effector caspases are activated by 
apical or initiator caspases, which auto- 
activate when induced to olignmcrUe 
through their extensive 'pro-domains' 
in response to a variety of pro-apoprollc 
signals (Fig, l). For example, apical cas- 
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Fin 1 Action of the apical encases 8 and 9. p, ligation of ihc CD95/Fas receptor triggers re- 
cruitment of the precursor form of caspase 8 to a death-inducing complex, through the adapt* pro- 
tein FADD, and Us consequent auto-actfvation. b, Various signals trigger release of m« ochondnnl 
holocytothrome (Cyto c) into the cytosol. Formation of a tematy complex compmmg Cyto c, ApafO 
and the precursor form of c*pase 9 induces auto-activation of 

and 9 initiate a cascade of effector cabases. The c^pase 9 pathway (B) is director activated by MYC 
proteins (MYCN) as a result or their ability to induce Cyto c release by an unknown mechanism 
Nonetheless, the caspase 9 and caspase 8 pathways cooperate for efficient induction of apoptosis. 
Silencing of caspase 8 in neuroblastoma confers resists to MYC-induced apoptosis. 



paso 9 is activated when holocy- 
todirome t is released from mitochon- 
dria and orchestrates the assembly of 
caspase 9 and its activator, apoptotic 
protcase-activatlng factor (ApaQ-1. In 
contrast, caspase 8 is activated after liga- 
tion of specific transmembrane death 
receptors, most notably the prototype 
death receptor CD95/Fas/Apol, which 
has important functions in immune 
homeostasis and surveillance. The di- 
versity of mechanisms involved in the 
regulalion and Implementation of 
apoptosis is indicative of a rich variety 
of targets for its inhibition during onco- 
genesis. For example, some tumor cells 
over express the anti-apoptotic Dci-2 
proteins, which restrict release of cy- 
tochrome c and consequent activation 
of caspase 9; in other examples, activa- 
tion of the FL If proteins or NI ; -k11 sup- 
presses death receptor signaling, and 
inactivation of p53 can incapacitate ac- 
tivation of apoptosis after genotoxic 
damage. 



Hie MYC oncoproteins function as 
hoth promoters of cell proliferation and 
as activators of apoptosis'- 5 . MYCN is a 
functional homolog of the prototypic 
MYC oncogene C-MYC, whose amplifica- 
tion in neuroblastomas is an adverse 
prognostic factor. However, overexpres- 
slon of MYCN has also been shown to 
sensitize neuroblastoma cells to apop- 
totic signals*. Consequently, there has 
been great interest in determining how 
apoptosis induced by MYCN is fore- 
stalled despite its overexpression. The 
findings of Teitz et at. indicate that loss 
of caspase ft expression provides an es- 
sential mechanism responsible for 
thwarting M VOW-induced cell suicide 1 . 

The authors examined 18 human neu- 
roblastoma cell lines and found that 13 
lacked expression of caspase 8 RNA and 
protein 1 . However, only one line had a 
deletion of the gene for caspase 8 
(CASP8), and there was no evidence of 
mutations within CASP8 coding regions. 
Instead, expression seemed lo be silenced 



through incthylation of CASP8 DNA reg- 
ulatory sequences. Similarly, there was 
also silencing of CASP8 in a proportion 
of cryopreserved neuroblastoma samples 
and, most provocatively, mcthylarion 
and silencing of CASP8 correlated almost 
perfectly with amplification of MYCN in 
both the neuroblastoma cell lines and 
patient samples. Such correlation indi- 
cates that neuroblastoma cells with in- 
creased expression of MYNC are subject 
to strong selective pressure to lose cas- 
pase 8 function. 

As might be predicted, loss of expres- 
sion of caspase 8 confers protection 
against apoptosis. Neuroblastoma cell 
lines lacking caspase 8 show considerable 
resistance to apoptosis induced by liga- 
tion of the death receptors Fas, tumor 
necrosis factor receptor p55 or death re- 
ceptor 3, as well as by FADD, the intracel- 
lular death receptor adaptor protein 1 . 
Tills resistance is reversed with rc-intro- 
duction of caspase 8 into deficient neu- 
roblastoma cells, and is consistent with 
the known obligate function for caspase 8 
in death-receptor-induced apoptosis, as 
shown in embryonic fibroblasts deficient 
In caspase 8. Presumably, resistance to 
death-receptor-induced apoptosis could 
be advantageous lo some tumor cells, as it 
would render them more resistant to sur- 
veillance by cytotoxic T cells. However, 
neuroblastoma cells deficient in caspase 8 
also show resistance to the genotoxic 
drug doxorubychV, consonant with stud- 
ies indicating thai some DNA-damaging 
agents promote cell dealh by inducing 
surface expression J ; as ligand, thereby 
triggering autocrine activation of 
CPOS/Fas and consequent activation of 
caspase 8 (ref. 7). Dnig resistance has ob- 
vious selective advantages for tumor cells. 

It is less clear why loss of expression of 
caspase 8 should be associated with am- 
plification of MYCN, since caspase 8 has 
not been shown to be directly involved 
in MYC-induced apoptosis. Caspase 9, 
however, is directly activated by MYC-in- 
duced release of cytochrome c from the 
mitochondria into thecylosoP, and inac 
tivation of caspase 9 enhances MYC-in- 
duced transformation 0 , 'ihervfore, it will 
be interesting to learn why expression of 
caspase 9 is apparently unaffected in 
neuroblastoma cells 1 . 

Nonetheless, there Is evidence of syn 
ergy, even interdependence, between 
caspase 9 and caspase 8 signaling path 
ways, fcxpression of c-myc sensitizes 
cells to CD95/fas-lnduced apoptosis, 
and C-MYC or Fas signaling, which are 
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independently incapable or inducing 
eel) death, trigger apoptosis when they 
arc both activated in the same cell. 
Indeed, Vas signaling is required for 
induction of apoptosis by C-MYC in 
serum-deprived rodent (ibrob lasts' 11 . It 
seenn tlwt rylosolic holocytochrome c 
l> not sufficient to activate apoptosis but 
requires a secondary signal from the 
ClW/Pas receptor to trigger coll death*. 
The mechanism for synergy between 
Gty>5 and cytochrome c is unknown 
at present, but it may well require 
active raipase 8 to amplify a caspasc 0 
cascade 1 '. 

Other mechanisms for the suppres- 
sion of MYCVmduced apoptosis have 
been seen in cancer cells, including up* 
regulation of the antl-apoptotic factor 
ncl-2/Bcl-Xu possibly loss of Apaf-1, and 
direct inhibition or ablation of the 
COM lignnd or receplor. Why, then, 
does mcthylalton and silencing of 
C4SPS seem to be the favored mecha- 
nism for suppressing apoptosis in neu- 
roblastomas with amplified MYCN? Is 
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their some peculiar idiosyncrasy of neu- 
roblastoma development that necessi- 
tates ablation of caspase 8, or is it 
merely that loss of caspasc 8 is more 
widespread in human cancers and has 
been overlooked so far? »ocs the silenc- 
ing of caspase 8 occur instead of, or in 
addition to, other aiili-apoptotic muta- 
tions? Why is caspasc 9, an established 
effector of VfYC-induced apoptosis, not 
silenced in any of the neuroblastomas 
examined? 2 And finally, would re-acti- 
vation of caspase 8 constitute an effec- 
tive therapeutic strategy for the 
treatment of neuroblastomas that have 
amplified NMYC? These are important, 
and now answerable, questions with di- 
rect implications for the treatment of 
this tragic childhood cancer. 
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Chemotherapeutic drugs— more really is not better 

Recent insights into the molecular mechanisms that regulate the process of ^^f^ 
complex interactions between metastatic cells and host factors have provided a biological 
foundation for the design of more effective therapies. 



MOST DEATHS FROM Cflnccr flTC duC tO 
metastases that are resistant to 
conventional therapies. The search for 
the mechanisms that regulate the pat- 
tern of metastasis began over a century 
ago. In )889, ragot investigated the dis- 
tribution of metastases by analysing a 
large number of autopsy records of 
women with breast cancer. Noting the 
nonrandom pattern of visceral metas- 
tases, he concluded that the process was 
due not to chance but rather to the spe- 
cific affinity of certain tumor cells for 
certain organs. Thus, metastases re- 
sulted only when the tumor cells and 
organ environment were compatible*. 

A current version of this hypothesis 
consists of three principles. Hist, neo- 
plasms are biologically heterogeneous 
and contain subpopulalions of cells 
with different angiogenic, invasive and 
metastatic properties; their response 
to therapeutic agents is likewise hetero- 
geneous 2 . Second, the process of metas- 
tasis is selective for cells that succeed in 
the steps of induction of angiogenesis, 
invasion, embolization, transport in 
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the circulation, arrest In a distant 
capillary bed and extravasation into 
and multiplication within the organ 
parenchyma 2 . Although some of the 
steps (Fig- 1) contain stochastic ele- 
ments, as a whole, metastasis favors the 
survival and growth of a few subpopuJa- 
ttons of cells that preexist within the 
parent neoplasm 1 -'. The third and per- 
haps most relevant principle to cancer 
therapy design is that the outcome of 
metastasis depends on multiple interac- 
tions of metastatic cells wilh horncosta- 
lic mechanisms 4 . Therapy of metastasis, 
therefore, could he targeted not only 
against tumor cells but also against the 
hoiucostatic factors that ore favorable 
to the growth and survival of metastatic 
cells. Two reports, recenlly published in 
the 1 April issue of Cancer Reteorch (by 
Rrowder et at*) and the IS April issue 
Vie Journal of Clinical Jtivesti$atfon (by 
Kicment support this theory, 

suggesting drugs designed to kill tumor 



cells also act on the tumor endothelium 
to inhibit neoplastic angiogenesis. 

Induction of angiogenesis is an essen 
tial step in the continuous growth of 
primary neoplasms and in the process of 
metastasis'. Angiogenesis is a multi-step 
pathway Involving local degradation of 
the basement membrane surrounding 
capillaries followed by Invasion of the 
stroma by the underlying endothelial 
cells, which proliferate and develop into 
mature blood vessels 1 . Therapeutic tar 
geting of neoplastic angiogenesis was 
first proposed by Folkman in 1971 (ref 
9). Recent improvements in our under 
standing of the cellular and molecular 
basis of this process'*' 0 have stimulated a 
plethora of reports detailing the rational 
design of different specific approaches 
to inhibiting angiogenesis. Many of 
these arc now undergoing clinical trials 
Suppression of angiogenesis has also 
been achieved by cancer chemotherapy 
originally designed to directly destroy 
cancer cells. For example, administra- 
tion of high doses of doxorubicin led 
to regression of doxorubicin-rcsistant 
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